The aim of the present research is to investigate the application of subcritical water to naphthalene removal from soils. The extraction curves obtained show no clear patterns relating the operating conditions to the extraction time. This is mainly due to anomalies that occurred during some extraction runs. The analysis of the results shows an extraction time rather constant as function of the operating conditions (pressure, temperature, and mass flow). The extraction efficiency, on the other hand, is found to increase at higher hot water flows and lower temperatures, while no dependence is recorded from the pressure or the density. The data interpretation suggests that the film transfer resistance is the extraction rate limiting factor in the flow range considered. Finally, the relationships between the extraction efficiency and the operating conditions, together with the non-achievement of 100% efficiency, seems to confirm some authors' theory on the resistance to desorption due to the presence in the soil of "resistant" and slowly desorbing fractions, constituted by immobile fluid in pores.
Many of the contaminants that can be found in soil are inorganic, like heavy metals, as well as organic. Among the organic contaminants, oil and coal refineries are responsible for several cases of soil contamination with polycyclic aromatic hydrocarbons (PAHs). PAHs are a family of compounds formed by at least two carbon atoms linked together. Among the PAHs, naphthalene is the simplest molecule, formed by two rings only. Studies from many authors [1] [2] [3] refer to contamination by PAHs at former gas work plant areas with concentration values from tens or hundreds up to 3.0×10 6 ppm at a site near Bedford [3] . In some cases, the concentration of the pollutants in the soil might be so high that they represent potential harm to the vegetation, animals and humans. As a result of growing concern for soil contamination issues, the limits have been set on the concentration of many contaminants, including PAHs, as some of them are known to be carcinogenic [4] . There are many techniques available for soil decontamination, all of them having some advantages and disadvan-tages [5] . New methods are therefore being investigated in order to improve the remediation efficiency, lower the "costs" or the remediation time. Soil remediation by subcritical water extraction is one of those methods. There is general agreement in recognizing subcritical water extraction as a rather efficient, fast and low cost treatment for soil remediation. According to some estimates, bioremediation costs for organic toxic chemical contaminations are in the range of one-quarter to one-half of other remediation techniques [6] [7] [8] . However, PAHs are hard to biodegrade and persistent in soil, which rules out the applicability of biodegradation for PAH-polluted soils or at best, biodegradation might be used in cases with very light contamination with low-molecular-weight PAHs [9, 10] . Earlier Dadkhah and Akgerman [12, 13] reviewed other remediation options and advantages of using the subcritical water as a medium for extracting the PAHs from aged soils. PAHs solubility in water at ambient conditions is low and decrease rapidly with insert molecular weight [14, 15] . For all of the PAHs there was a little increase in extraction when the temperature was increased from 250 to 300 °C [12, 13] . Another advantage of using subcritical water for the extraction was the possibility of the class selective extraction [23] . As the temperature of the water increases its polarity decreases. Hence, less polar con-taminants will be extracted first, followed by those of decreasing polarity.
In this study, we investigate the application of subcritical water to naphthalene removal from soils and we study the effect of temperature, pressure and mass flow rates on the extraction efficiency.
EXPERIMENTAL METHOD
The naphthalene used in this study had a purity of 99% provided from Merck Company. The soil type was determined by sieving it by means of sieves with different mashes. The composition of the soil used for the contamination-decontamination process was therefore the following:
-fine sand (0.06-0.25 mm), 55 %; -medium sand (0.25-0.5 mm), 20%; -coarse sand (0.5-2 mm), 25%; -acetone (with purity of 99%, provided from Merck company), the solvent chosen has to dissolve the naphthalene easily and to be far more volatile than the contaminant, in order to evaporate easily and reduce the contemporaneous naphthalene losses; -toluene (with purity of 99%, provided from Merck company), the solvent chosen for the naphthalene collection has to have good affinity with naphthalene, not be too volatile and not very toxic.
The analyses of the collected samples were carried out by means of a gas chromatograph, operated by helium, as transport medium, air and hydrogen for the flame. The gas chromatograph is calibrated before the experiment by analyzing a sufficiently large number of toluene solutions with known concentrations of naphthalene (10, 50, 100 and 1000 ppm) and octanol (constant). A calibration line is then drawn which allows the calculation of the naphthalene concentration in a solution, giving the ratio of the naphthalene-octanol peak areas and the octanol amount.
The subcritical water extractions were carried out in a laboratory-built apparatus shown in Fig. 1 . De-ionized water filled into a 4-L stainless steel feed tank was first purged for 2 h with N 2 to remove dissolved O 2 . A high-pressure pump (max. 45 MPa) was used to deliver the water through the system at a constant flow rate of 1.0 and 1.6 g/min. The oven maintained the extractor cell, mass-flow, by-pass stream and was preheated at set operating temperature. The extractor cell was a steel vessel (V = 32 ml). About 2 ml of toluene-naphthalene solution were taken from the collection vessels and put into numbered and weighted vials. The solution is weighted. Octanol (ISTD) was added and the solution was weighted again. The vials were closed and agitated. The gas chromatograph was switched on, and the gas fluxes (air, hydrogen and helium) were regulated to the selected values. 1 μl of the toluene-naphthalene-octanol solution was injected into the gas chromatograph. The naphthalene and octanol peak areas were recorded. From the area ratio, the naphthalene concentration in the toluene-naphthalene solution was calculated, using the calibration line. The by-pass was made with the same pipes as used for the main line. The extractor cell by-pass was used in order to set the operating conditions required, avoiding naphthalene extraction from the soil before the experimental run. During the simulation, the hot water was let flow through the bypass (thus excluding the extractor vessel already filled with soil from the line) while the regulating valves were adjusted until the approximate operating conditions were reached and kept constant. The by-pass was then closed and the extraction could start, with the required operating conditions set. The collection vessels to be used were numbered and weighted; toluene was then fed into the vessels and weighted. All the vessels were closed and kept refrigerated before and after use in order to minimize solvent losses due to evaporation. Collection vessels containing a suitable solvent were changed at chosen intervals to collect the naphthalene extracted. The collection vessels were made out of glass and had an approximate volume of 20 ml.
RESULTS AND DISCUSSION
The extractions were carried out varying the operating conditions pressure, temperature, and mass flow. Two values were assigned to each parameter, for a total number of 10 extractions. The actual total number is 10, in order to take into account extractions with excessive anomalies that had to be repeated. The operating conditions investigated are summarized in the schemes below. Table 1 shows the operating conditions for all of the extractions. Table 2 shows the extraction(s) data for all of the extractions. Comparison of the results
Comparison of the extraction results at constant temperature (1)
At 260 °C the efficiency increases in case of higher mass flow, varying from about 69 to 80% for a flow varying between 1 and 1.6 g/min (Fig. 2) . As the mass flow increases, the time needed to reach the asymptote decreases from 120 to 60-75 min. Small differences in density and no difference in the extraction efficiency were recorded between 2.7 and 3.1 MPa. The comparison of the naphthalene extraction curves at 260 °C (Fig. 3) is complicated by major anomalies recorded in the case of the extractions 1 and 2. Difficulties in controlling the operating conditions during the extractions, and probably imperfections in the extraction cell filling and soil compacting, resulted in a time delay of the curves and in double peaks. It is therefore impossible to estimate the peak value of the extractions at 260 °C and 1 g/min without anomalies. It is though likely that the peak position would be the same as for the remaining curves. In case of the mass flow of 1.6 g/min, the curve reaches the peak after 18 min from the beginning of the run.
Comparison of the extraction results at constant temperature (2) At 280 °C extraction 5 and 11 efficiencies, which values are 95 and 34% respectively, are doubtlessly out of the possible efficiency range. On the other hand, the comparison of the extractions 4, 7, 8, and 10 shows similar extraction efficiencies, with the values ranging from about 58 to 60%. Higher mass flows resulted in steeper curves (therefore the asymptote is reached in a shorter time), and in a slight efficiency increase. Higher extraction efficiencies are observed in the case of higher pressure as well, although the variation is rather limited when compared to corresponded density increase. Because of their major anomalies, extractions 3 and 9 were not included in Fig. 5 since they would not be significant for any further consideration and analysis. The peaks occur after 18 min from the beginning of the run for all extractions. Peaks are higher at higher mass flows, while the pressure seems not to have any relevant effect. The peak height is about 26% of total naphthalene present in the soil at 1.6 g/min, and 23% at 1 g/min. Extraction 6 shows lower peak due to the presence of another peak after 60 min. Comparison of the extraction results at constant mass flow (1) At 1 g/min the extraction efficiency increases from about 57 to 69% as the temperature decreases from 280 to 260 °C, while the pressure has a modest influence on it, and only at higher temperatures (Fig.   6 ). On the contrary, the temperature is the only extraction time influencing parameter, causing an extraction time decrease from 120 to 60 min at higher pressures. An apparent pressure effect on the extraction time at lower temperatures is most likely due to the major anomalies affecting extractions 1 and 2, which are better displayed by Fig. 7 . Because of the major anomalies in case of extractions 1 and 2, no certain conclusion can be drawn on the curves of Fig. 7 . Comparison of the extraction results at constant mass flow (2) At 1.6 g/min, as for a mass flow of 1 g/min, the extraction efficiency increases as the temperature decreases, varying between 59 and 80% for 280 and 260 °C, respectively. The pressure effect is rather small and limited to the extractions at 280 °C. The asymptote is reached after 60 min for all the extractions (Fig. 8) . All curves have the same shape and width but different peak height (Fig. 9) . The peaks are higher for lower temperatures, reaching 35% of the naphthalene present in the soil at 260 °C against 26% at 280 °C. The peaks occur 18 min after the beginning of the extractions. The extraction curves obtained (Fig. 2, 4 , 6 and 8) show no clear patterns relating the operating conditions to the extraction time. This is mainly due to anomalies that occurred during some extraction runs, which limited the meaningfulness of the results. In some cases, though, the data seem to suggest that the extraction time decreases as the mass flow and the temperature increase, while there seems to be no relation with the hot water pressure and density. Anyhow, an extraction time of 90-120 min allows the system to reach the asymptote under all the investigated operating conditions.
CONCLUSION
More certainly, the extraction efficiency increases as the temperature decreases and the mass flow increases. Higher pressures seem to be responsible of a small efficiency increase, but only at higher temperatures (thus lower overall efficiencies). The percentage of naphthalene extracted vs. time follows a curve that has the same shape for all the extractions, besides the cases where a poor control of the operating conditions resulted in anomalies. The extraction percentage peaks always occur after 18 min from the beginning of the extraction run, whenever the operating conditions are sufficiently constant. The peak height increases as the temperature decreases, while the dependence from the flow appears more uncertain. Again, the pressure and density have no influence on the peak height. A systematic study of the effects of excipients was performed by adding a known amount of the excipient to 80 µg/ml NIC or ISRA, filtering off the insoluble excipient, washing the residue, diluting in a volumetric flask and analyzing following the recommended procedure. The results revealed that no significant interference was observed from excipients, such as starch, talc, gelatin, glucose and magnesium stearate.
The present method has the advantages of high sensitivity (detection limit is 1.67 and 1.74 µg/ml for NIC and ISRA, respectively). On the other hand, the proposed method is low cost, selective, accurate and precise (intra-day and inter-day precision) as indicated by the good results of the drugs. Furthermore, the proposed method does not require the elaboration of the procedures which is usually associated with chromatographic methods. The disadvantage of this method is the tediousness of filtration. The proposed method could be applied successfully for the determination of nicerdipine and isradipine in pure forms, as well as dosage forms, with no interferences from tablets or capsules excipients.
